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Abstract of JP61 68960 

PURPOSErTo provide a HEMT lll-V group 
compound semiconductor device capable of 
exhibiting high quality, by adopting an electron 
supply layer using material except Si-doped 
AIGaAs, regarding a high electron mobility 
transistor(HEMT) lll-V group compound 
semiconductor device. 
CONSTITUTIONS high electron mobility 
transistor lll-V group compound semiconductor 
device consists of the following; a substrate 1 of 
lll-V group compound semiconductor, an electron 
transit layer 2 which is arranged on the substrate 
1 and formed of lll-V group compound 
semiconductor, and compound semiconductor 
having a band gap wider than that of the electron 
transit layer 2 and a small electron affinity. An 
electron supply layer 4 doped with impurities, and 
a spacer layer 3 of compound semiconductor 
which is arranged between the electron transit 
layer 2 and the electron supply layer 4 and has 
strain due to lattice mismatch with the electron 
supply layer 4 are contained. 
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(54) i&wox&m 1 1 1 -vmtfa®i*m&-3iw 



(57) [.9$I*M*©3EH] 

W8E3S«±fc:E«i*4v i i i -vmi&b*mttrcj& 
a#n;*j*wr& i i i -v^b^^^rjgfissti. 

nri^i i i -vunt^fB^^*©^^— 

MI. 

[i»*Ji2] 1 1 i -vmitswimmtixDmfiit, 
twaaKitaaasti. mummttt+m-gu i i i - 
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ifa^^fi/, Mieasi^s^Lfci i i -vm 

*«ct>I I i -v&<t£^®tt©*^-1tJI££$tf 
[ ffjfc^ 3 ] buIBS^R il>*BU f B^j£*T 8*3 G a A s 
MEV^HKieHltf I n G a PJBr* K> , 
TSW^2IB1S(D««-?^SJjS I I I 
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T^>iS^ii3fei£©^^S&«hv>^X^S I I I 

-vmiMtwmmsm. 

im^m 5 ] msem&RVmmm+ffiy m&G a a s 
r& t) , ffriamT^i^®^ i n g a p <? . s?ibx-< 

— *m&G a P#^B. jgt§^-flij§, G a A s PM<D'J> 

Fv^^xdiga i i i -v«jft^ft¥«*ssE 

So 

[ti*^6 ] mum^m^m^K (Ai,Ga,.,), 

In^.PJl. InAlAsl©l,>fn*r$)2.Ci^ 

i i i -v^b^*^i*$ia. 

[If *S 7 ] SJieVFjtffJirt* I nGaAsl, In 

a s ps. i n p»©^ma>T*5st5fcii2iais©ig 

l^MSh7>yx$S I I I -V&fbllrfM^&SI 

g. 

[ it #g? 8 ] nsmwfi i n p g . 

miiemT-^f®*s I nGa A si. I n PH. InAs 

pe©c>-rft#>-e*9. 

mfZ'm^mSm&A 1 A s Sblt^t), 

mfiBX-^— tMf#A 1 As.SbL.flrcfcSCi**** 

i - vmt&vmm&ms. m. l. buiba i a s , s b 

L.HCDxfili*, x^O. 5 1t!*S. 
[ff*I19] GaAslIi, 
HUSBa®±CCff$^$ ft/c I n G a A s S^-^tf d £ . 
BMlBmT-^tf )1±(C JfcfiS 5 ft . K — ftfc I 

nGaPlf«li, 

»5riB^^fjgiWiBm^«*&B©ra(c^sft. i n 

hv^x^il I I -Vttfbd4M¥VfmL <SU 
MIB I n,Ga,.,Pi(DxI«x<0. 4-C*€>„ 

[0 0 0 1] 

mm±<Dmm^m] *mm. i i i -vml^w 
awraBtjewu eccK*-7-«»jth5>^xa» (he 
mt> Miii -vmi-£&m#&Miciia?z. 

[0 00 2 ] 

[«e*©irtfj] ee*. ism^»sh7>^x^ (he 

MT) ». itLTGaAsl«BciSGaAs©§ 
•T-^fBSrXt^+WJl/tC^fiRU -e©±CCnS!A 1 
G a A s ©l-f«l?;x f £ * > + -H'&t J&R t fcHMt 
«-?tt*&ll(C«. nlWibt. a 
3tS i #K&gJKtt K-^3ft. l^jflKiU^hn 

[0003 ] ^F«*£Jl©±&Ctt. nIGaAs 

©+ * v vmzBf&u. ? -7m±ic*- s v 




1$f¥3 2 2 4 4 3 7 
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[0 004] Si F-7'©A 1 G a A sK&i, DX-fe> 
££P¥tfft£&t,>2>{i#JfcjS;;*ft£„ C©DX-fe>2© 
7c»>. AlGaAs/GaAsfHEMTCf^lttt 

10 [0 00 5 ] C©fcit>. DX-fe>££$£&(,^H£i|& 
B^ffl^/cHEMTtfaSSft^J^KfroT^S. D 
X-b>^^$^cl^^«i!!&JicDW*4iUr«. InG 
aP,W I nA lAs^ftgJhtl,^. 
[0 00 6 ] I nGaPSHEM TCDjzS.&iM&^Z. <£> 
JK»EEjW*<. oJ^ttcoP?rlX0JS^-5W^Jl 
ttfBf&g (MOVPE) ffi*JH,»*C£*iig* U< . $ 
fci^l— 14«J#Ofed?>K:a. Mffi«Scf-C(D^EEMOVP E 
#£-§£#*. 6ft*. 
[0 00 7 ] £C6#. P©M*4£L-r. IgfflC^n 
20 -f > (PHj ) tt^jBiSS*^ . ®$©1SI^ 

MEE^-C«+^S?L.^ftncl^^(C. S*Lh*ii3« 

[0 00 8 ] ^«©P*«teT*fc«>K:tt. 

**^>£*fi££feS&-r&C£K:J:f3. Il©InG 

a p m & sss -r s c £ # r ^ & <t 5 tc & -o /c. 

[0 00 9] tC5#. ^StC I nGa PIHEMT^ 

©»l/Stt. ^<©W^Kj:or4>fg^2ftr^ 
30 &„ S i F-"7'©I nGaPl^^i^ffll^t, y 

ic-e©jMH©^< <b&— sp^a-r^£#^.6ft-5 0 

[00 10] Si K-^OInGaPlT-ttJ&li, i 
SGaAs m^l&tf B©Fb1(C. y > F -•?■© I n G a P 
^"«-tiS»AOT. S i ©H*BttfS[©KW*fi«T 
•SCi^f^ftftTl^-S., !fB© 
»^5ii5 5 o AJWT©J: ^tc^^JS^i. -^f* 

[ 0 0 1 1 ] S i © K-t>yS* ixi0"cm- ! i 
40 Lfc*£&C«. 7 7K©#iba<f:L/r2 3 0 0 0 V c 
m" 1 s'^MgO^ifffefil^^ftrt,^^. -?-©B$©2 
%5iM¥*fzm&\t5 x 1 0 11 cm-'ifgOi-^-cUS 
■5. 2^7cM-?**Xtgg755®t>i > HEMTf^VX© 

2 Xjcm*tfZ m&it. 1-2X1 0 1J cm-'^S^c^ 
L/^ftJ^±©ffi*iMSft-S„ 

[0012] Si© K-b->^S?r 1 . 4 x 1 0 ,s c m 
" 3 £ltA3#5<!:. 7 7K©2^7cmT-*'X?^JS«l . 

50 »SB1 40 0V ! cm 1 s- 1 £<g< JS^TC/S^., 
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[0 0 1 3 ] C©Jc5CC, S i © h*-f>^U^JW<&pI 

[0014] X^-VmiCy^ F-^A IGaAsiffl 
t\ Si F-7 - ©InGaPl^I*^OSi©S; 
fk$:ffi<'ffif&i>mm$tlXl*&1)\ A IGaAsKS i 

[ooi5] i/* 5 4>. sia»y> Y-y'moym^o t io 

Sfc£>. iSfciftoTSfc. t©fc#>, AlGaAs^ 
[0016] 

[»W*JJK»LJ:9frsaUH] C©<fc^&c. S i F — 
^©A 1 GaA s t^Mi^(Dtm«ffil>A:ffi«& 
HEMT & 3 ftfc t *. 

^Ct=>„ 20 

[0017] *A0]®Sni*. S i F-:/©A 1 Ga A 

iTSCiC-C^SHEMTil I I -Vttfk^HMNI 
[0018] 

[I$jK£»?&-r£/ci6©3^3] 49W90^fPtd¥« 

1 1 i -v^fc^j^i*©aigi. fines 
«±(ciHs^n > i i i -vmit&timmwc&i&zti 
tcm^-mmt. m^m^nmj:*) tj£i>^> f*> 
^i/hs^w^SLfc**-*-* i i i - vift^iii; 30 

n-ct»* 1 1 1 -vtsnb&gpmQtox'*— v-mtifs 
ts. 

[0019] 

>>>.X£ (HEMT) SI I I -Vlft^^j$gg 
©«1t*5!t#-r-SCi*J-C**. 40 
[0 02 0 ] *tt. S^«^B*>6 

On a*K&©BffiffitM»±fc*fJHl& 4>© t^x 6n 
£. 

[0 02 1 ] 

[*»«] H I «c. *|BH©3Ufcffl«fc & H EMTSS I I 

1 -v«^t^8Mia»ft»a©it*«Wc*^r. ei 1 

(A) ». ^±©8tM*&&ttll|gtt<C7FU II 
[OO2 2J01 (A) KfcHT. III-V«<fc^gJ 

*«f*s«i©±tc. ^-7-^112, ^wrssx^ 50 
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— tf)13. m^*&M4Aiib-^+->-|.JKC^a3nT 

2«^£!g}rlig©{gii i ^x-<— tf-Jl3«. 
4 (C^U-C^T^-CftO^ m&$Lcm 
4 «. nSPRsfil^CTS i . S. S 
e. T e <D'pt& < <fc — ft^^tf, 
[0 02 3 ] *3t. iX^- 9-®3fcJ;0'^^t^jl4 
m^^7J12ckO fcjAt,^*> F*> ^^fU * 
^HSffi^^hS^. C©/c6t>. *^fe&Jf 4&cF-7'£ 

[0 024] H^-j^f JS 2 ». 7tt$V2ft£*s<K< . £A 
&*iiSl>. $fc, F^+- f ^©jA(,>MX--t— *B3 

3 tl tcM+te . m-^^tf a 2 © WffijS^fc 2 i^TC^T # 

[ 0 0 2 5 ] 0 1 (a) «t 5«tiwi*jft*fflt>. 

HI (B) tCm"TJ:^aHEMT*ffjaEr* 0 @i 

(b) {c*5i^r». m+fcit&mo ? t>wkt 

sv-^/Fu-r>fi@7. 8*5?f^$ti. -e©wfc^ 
^«^a 4 (£-> 3 » f +fii$4T sy-h ^© 9 jgjsdE 3 

[0 02 6 ] «±BM9 L/c J: 5 ft, *^©HteW{c«t 

tSMirr*. H2«. fle3tEts«©»«fts#**r. 02 
(a> it. m&mmt<c£z>HEMT<Dmmffim*:%mm 
icnk-rmmm, 02 <b> b, ^©a^A?*^?-:?'^ 
•7. 02 (o «. ^^^e>}s^3ti-ssart©^ 

[0 02 7 ] 02 (A) (CteL^T. fiSttGaAsI 
«1 1©±(CB. iSGaAsl^tfll 2, i §3 I 
nGaP^^-t!13, nSInGaP^^Il 
4. nSGaAst + ^115^if$f->t;l'tCi 

[0 02 8 ]ftfc. i 521 nGa P^-^— 1 343J: 
^nSInGaPt^il4«, GaAslfll 
(c^M^Lfc I n„., 9 Ga„. sl P©ifflfiS?rW-r-2)„ x 

-i— >mi i 3«, n+msm 1 4 .hiHi-ffl^-c*^*^ 

[0 02 9] 02 (B) 02 (A) KTjrTJ: 
»»a*3ll»K:f¥iiSL. -e©a@fitiSrt©fflfiR^*2 
^W^>Mfi^W (S IMS) r^il/fcMI*^i/ 
^7-C*So ^7^143. «flKDfR«^«^j£fTJI 1 2 © 
G a A s SP^&^nU . W®\&X^—Vm 1 3 © i M I n 
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too3o] si an^&mv&ic F--?utc&> x 

1 2F*5§BCC&#K AOii^HS. ^-tll 
3©f£#T*£PfeWBr6^K^a£tt&e>-f, HT- 

A s t>. »ffitfifi-c$Mfr#£*i. x-i— 9-Ji l 
3 F*g (C A "3 iM/ X ft Hi L X (, >Z> . 

[0 03 1 ] C©J:^tc. GaAsl^tfflO^ 10 
<!:. I nGaPX-<— y-BCD^tASWffi^jfir-SCXC 

^T-am&tmmztixisb-r, mm^m^tcmm 

teHTtt, ln-Ga-As-PI*M?titt,^i 

[0 0 3 2 ] 02 (C) fit. C(D£>jtj:ftMmM& : && 
T-5>«^-©fE2»w<D^-r>-> + ;U^^7nT„ In-G 
a-P-A sJMflflWl 6tt, InGaPX^-tll 
3 ffl'jr- BInGaP f&ftififc < . G a A s «^j£frJHM 20 
•CttGaAs^Wi^?.^. C©fc«>, 
^©*"-r>:>i> Mi I nGaPX^-tll 3ffli|#>e>G 
a A s Wf-jfcffB 1 2 WKiSaftWKSE^b-r & *>©£#& 

[0 0 3 3] C ©<fc 5 &£aJ5§£'ftfCJ: 0 , I¥ffiafi£-C© 

2^7nm : P^x^a-r?>M^cDitl«a;^orus„ 3 
I n-Ga-P-A sffi^k;4sl>T«. -eoDffl 

mi>XU£'>i><Dt3£Z.tbtl2>o 30 
[0 034] JQc*». 0 2(D) £J£«lft&J¥ffi©eaf ^ 

©tf^wji'^Sr^-r,, x-^-^ia i 32&>6«-?-j£ 
tfs i 2 icg^-r-s i . esg^©* t->^ t^»a 
wcxftu m^-mmi 2©i?H^ifi«:®*T->+- 

M=s m<D&Wtfi5.< l cm®X®.< ft^S -So C©<£ 5 & 2 

^^//xtt. 

[0 0 3 5 ] 03tt, I?ffitti5©ifi)&©ft:ft©/1H£?E 

3 (A) ©tgjSft&^-Ctt, GaAslSl 1 ©±&C I 40 
n G a PJf 1 6 a/GaA sll 2a/I nGaPil 
6 b©8W«fi*m£0fc. C©»JHiigK::fo(,> 
Ttt. naWfttt K-^UT^tct*. SiftDni^ 
*$«J% F~:7U&lM8@flti£{C*5lvOJ, GaAsJll 

2 a ©«^-rSS^-#^CD«K^mc-ra C &#-C* 
fc. 

[0 0 3 6 ] 03 (B) tt, &5fcCDHEMTit:teW£A 
lGaAs/GaAs'vfaS^i, KrJS&HEMTT 

fffflL/i^i-TS I nGaP/GaAs^Dl^i?; 

$t»-9->^»fiJ5*^r. 50 
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[0 03 7 ] T&ft^. GaAsltl 1 ©±&C, A 1 
Ga A s m 1 6 a/GaA sll 2/1 nGaPil 7 
a ©8Ulfltjg& L tc. SJltt^> F — 7*<t L fc„ C 
©«»1»*K:*K»-C*>. GaAsll2^#Fit 

[0 03 8 ] 03 (C) tt, GaAslfil 1©±K. 
ilGaA s«^t£*tJI1 2%ft60 00Axf$+'> 

I nGaPUl 3^40 0 0 A£/f < it£*->i> JU 

[0 03 9 ] iSI nGaPX^-t«13tt, -/> F 
-7X$>*>ifi. n = 5 x l o 16 cm- 3 ©++ UT«K* 

^Lfc 0 c©^{c*5t^Ttt. 2;X7c^*'x©^stig 

[0 04 0] C©^^^^^ h-9->7"Jl/{cfc^-5>^^ 

fcg£-r£ £ . s i m<D*ffi®i% F-v'bx 

6ft£. 0/c#->T. nSPR&I^S i F-^T-S 
£, l?®#tt#SLft£M0ttS i©J£fftK:&6 4>©<tlt 

p§?sft£. 

[0 04 1] GaAslI?rffiWi|^ InGaPl 
T^^S©fflj5;tt. In,.„Ga,.. II Pi«t»l l Ini 
Gatt^IiKc^TSCitCfr-S,, InttGaJ;0i 
M^f¥a*5A*t,^ t,/c#oT. P©$?SC I n 

G a JWSfiET & i £ i Ttt JK?HHl*Sig% -5 

[0 04 2] I n iGaA^^SfliJtC^U 

fcInGaPi a B B *«:fcl,>tH, I I I ^MTtt^il'JW 
ttl I lRt-/h?:A»5Ci3l5Ttf. -e©{4®*^ 
KrTS &©£#*. 6ft 

[0 04 3] S ^©nSSWWfeJtt. C©JMT-U"^U© 

raH©stc»{cj; otta« : fi*a;«0"*>-r < «c o . s i 

fltJ%lt«r5 i. S i ©ffif&Ct{£oTffe©8lj$7t;SI I 
n, P, Ga, Asffcl£ftL/tU$H©c^e>tl 
C©Jr-5^£ffigiK:j:i9, 0 2 (B) CC^UfcJ;^^ 
ffl^^©/dn*^D, |?HCC I n -Ga -A s -P© 

[0 044] iy^~v'U^7-nm^mMV. »c»«f14 
^■T-SHEMT^fP^-r^/cie^Ktt, Sif(Dnf^ 

-c, 01 (a) (c^-Tck^ec, mzm-rzmx^—vm 
©n M^mwKDfofozmx^-— v-m 3 t-K5±-r & c 
cc fc mx — y-e 3 * f - y u tcvtmxmA? scck 

[0 04 5] 04 tt, ^BJ©H^tCcfc^HEMTia 
¥J»f*^g^-r„ 04 (A) WHEMT©«J!«jt£ 

wh0-c^l, 04 (b) te*^-- j *m<Dmi&*mtz 
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[0 04 6] 04 (A) tCfc^T. *«GaAsl 
ft 2 1©±{C, m$ 6 0 0 0 A© iS!G a A s«-f^ff 
»2 2*»RSly. ^©±tcj»5i&2 5 A© i §!I n, G 
a,., P (x^O. 4 8) ©I^-ti2 3^Mt 

So 

[0 047] MX-:— *m 2 3 ©±K:«. G a A s gft 
2 1 ilg^t^nSI n,.„Ga,. sl P(DlMW 
U Si*K-:70fc«?-#|&«2 4*JBJSRU •€•©« 
I**$ft5 0AOnSGaA s + t ?7'12 5tg 
*). 10 

[0048] C©«t5iWHJMljS«. aEEEXWI/SaMO 
CVD^€rffltirERSfSC<fc*ST*5„ I I I 
iLtH. h'^^M^A (TMGa) , F'Ji? 
M'J-^A (TEGa) , MJ^W^y-jA (TM 

iggim6 5 0°CiUfc o 
[0 04 9] mz^— t?-JS2 3«. mT-«if&S2 4 itS 
^t«x = 0. 4 9J;«5&x©fii#/h;*<, tS 

-?5£iStf5/jNi* < &oT«ft, 20 

So 

[0 05 0] 04 (B) tt. I^-ti2 3C!)iKx 
£0. 36. 0. 46. 0. 5 6 K:^k3#/cB#©7 7 

Ktcfcws 2^7cm^-^x? J gatm-?-^«ia©fii^-r 

[ 0 0 5 1 ] G a A s ifg^^-f £ x = 0 . 4 9 lets 

i>r». «-^««)Ktt^c««:fiTbri»4. 2^7t*^- 

So HEMT©2^7c^- : F^rgai l~2x 

i o ii fia«±*sa*o^„ 

[0 05 2] 04 (A) ©tftJ&JCfcHTtt, ti«C©^ 
ft(CffiTUTl>£. GaA s itg^5l^-r-2>x= 0. 4 

So 

[0053] ccommz* i n&fefimmz£&$tbi,> 

tmWTZZDK x=0. 4 9 5rI^.| 1 ffii-C(DIi(i!) 40 

rnmmz ^-»©w& *w itu » *i u% h & <,> ~c$> 5 5 „ 

fc/£L. x^0. 4 8CD$I^k:*5^rW. tST^^TS 
fflj£x=0. 4 9*6Sfh5(Cl/ci!)5-7T. fi£oTS# 

ti^-r s &c ofc^o r ^^sfia^if^-r s. 

[ 0 0 5 4 ] 0 5 «, ffi0H8ffj{C«t £ H EMTOl* 
4ffi££iirr„ 0 5 (A) W. IX-;- ygt It Ga P 
Zmft+mf$A LtcmtitZw?. GaAsIS2 1©± 
(C. iSGaA s^mm2 2^J?SSn. 
1t)g3 3$r^Lr^©±{CnS I n„.„Ga,.„PS^ 
<ftl&J12 4. nfGaAs+t * 7'J1 2 5 ;Wfcj&;*ft& 50 
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c L W0 4 ©H i mmx$> & o 

[0055] 2fgufi^{c.fec»-c«. mx^-v-m 33* 

*^10GaPtM3nn^ 0 GaPBGaAs 
«ft<t©te^pg#;*;t<,>fc&. ««>-cS<,»jbr: L«ct» 

-^S£flH>fc#. 2^H^*ffi^SCifeprfig'C&S 

[0 05 6 ] G a Pmz^—Vm 3 3 *flH»fc*2at0| 

jcfc^Tfe. 2-XK*}Zi&&t&mg.zmj£.utc a -e© 

{[1*04 (B) ©x = 0©{4gSCnrTo f#64T./c<Btt. 
04 (A) <DmMmt-&-?*>&\±*mLXl,>2>. 
[OO57]05 (B)«. 04 (A). 05 (A)© 
m®.Z®.fr&l3&tcMf&Zfik-? o ¥«liteG a A sift 
2 1 ©±&C. ifGaAs m+itftm 2 2 £JfcJ&U * 
©±(CGa P#^d©^X-<-— 9-J14 3 a^rJf^L. 
-€-©±(C iSI n, Ga a . x P (x^ 0. 4 8) ©^X 

9*4 3 b*J£J5SLfc. Tfc*)^. fX<- ?JS£ 
2J1-C«^b. ^O-^^iGaPil,, fte^£ 
tS^^ffifiSJ; 0 I nfflJiSx #/Jn;$ t> I nGa Pi b 
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